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FOREWORD

The wearing of lichter weight uniforms’ dnring the summer by
Army personnel has been authorized for many years. Traditionally,
troops in posts, ocamps and stations go into summer uniforms by
April or May, and ocontiruc wearing these uniforms until September
or Ocvober, depending upon the section of the country. Officers
purchase their own uniforms, which in recent years have been limited
by regulations on summer uniforms to e tropioal worsted fabrice

In 1946 a project was initiated to determine if some alternate
fabrics should also be authorized for officers' and emlisted mens!'
optional summer uniforms. An opportunity was extended to the
entire textile industry ~ wool, cotton, and synthetic - to submit
samples of fabrios. After extensive solicitation of the industry, -
a total of 27 fabrics were submitted as being representative of
the best avallable fabrics at that time for summer suitings of
tropical weights Of these fabrics, seven were selected by an
advisory ocommittee for the test, of which five actually were run
in the test, one being rejected for unsatisfeactory color and the
other not being delivered by the mill. A substitute was chosen
for this undelivered fabrioce In additicn, the standard 100 percemt
wool tropical worsted was used for a control.

The plan of test inoluded two locations, one hot and wet--
Fort Les, Virginia -~ and one hot and dry--Fort Bliss, Texas. The
- statistical technique of the balanced incomplete block design was
used to estimate the relative suitability of the seven fabrios.
The test plan, after being ocarefully worked out, was sbmitted to
a group of experts on determining consumer resotions in tests--The
Methods Advisory Group of the Administrative Committee on Ultimate
Consumer Goods, Ameriosn S8cociety for Testing Materials, After
thorough review by this panel, the test plan was further reviewed
with persomnel of the Statistioal Laboratory of the Virginu
Polytechnio Institute, Bhoksb.u'y, Virginia.

Under the test plan there were 21 nonduplicating combinations
of two unifeirms, and each combination of uniforms was worn by four
test subjacts. Consequently a total of 84 officers was used at
each test site, :

It i3 believed that in the care taken in plsuring and conduoting
the test, with the minimizing of possible factors of bias, this
field study is without parallsl in the testing of blends of textile
fibers. Furthermore, it is felt that the technigques developed for
dealing with subjective aspects of the test will be useful to
future investigators.
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Accordingly it is considered that the marked preferenca found
for the 100 percent tropical worsted by the test subjeots is to
be accepted as the result of a fair test.

This doss not mean that some other blend or some other
combination of fibers or some other fabrics would not have scorsd
differently in the test. However, an opportunity was given to all
fibver produsers and to the mills to suhnit any fibers or fabrica
they chose for the ‘brial.

Section III of the report is based upon an analysis of the
test results obtained by the Quartermaster Board, Fort Lee,
Virginias A great deal of oredit is due the personnel of the
Quartermaster Board, especially to Colonel Norman F. Williams,
then President of the Board; Major George W. Bacous, Chief of the
Board's Survey Division; Mr. Elie Weeks, Clothing Teohnologist,
and Mr. John Griswold, Statistioien, who were responsible for the
conduot of the test. Special mention should also be made of the work
by Lt. Raymond Nielson who supervised the oconduot of the test at
Fort Bliss, Texas.

‘ The National Researoh Council Advisory Committee on Textile
Fibers and Fabriocs to whom the project was referred and who initiated

" 4he =~iinitation of fabrios for the test and sslected the ultimate

fabrios for the trial was cemgiized of ¢he following mumberss

Dr. G. Preston Hoff, Chairman E. I. du Pont de Nemours and Co., Ince

. A. Wo Anthony , J. P. 8Stevens and Company, Inc.

Mr. A. G. Ashoroft Alexander Smith and Sons Carpet Company
Mr. Martin Cestrioum = = United States Rubber Company

Mr. -Johm Christison Peerless Division, Burlington Mills
Mr. H. A. Diockert Georgie- School of 'roohnology

Mr. George Groh - *Ceannon Mills :

Mr. Otto C. Haufe "7 ‘furner Halsey Compsny, Ince.

Mr. M. Earl Heard West Point Manufssturing Company

Mr. G. XK. Lake C " Pepperell Marmufasturing Company

Mr. H. Wickliffe Rose ; . American Visoose Corporation ‘

Mr. R. E. Semnler The Duplan Corporation

Mr. George A. Bmith Burlington Mills Corporation

Mr. Collins Thompson, Jre E. I: du Pont de ¥emours and Co., Inc.

The committee appointed two panels ~~ one to select the fabrios
to be tested, and the other to determine the test methods to be used
for screening of the fabrics submitted by industrye The members of
these panels were as followss
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Fabrics Panel:

Mr.
Mr.
Mr.
m.
Mr!
Mr.
Mr.
Mr.

George Smith, Chairman
A. W. Anthony

Herman Ae. Dickert

Ctto J. Haufe

Everett Nutter

Anes Stevens

Jdoseph Neiesrhans
Arthur Besse

Test Methods Panel:

Mr. A. G. Ashoroft, Chairman

Mr.
Mr.
Mr.
Mr.
Mr.
Mr.

0. P. Beckwith
G. S. Buck, Jr.
John Christison
M. E. Heard
G. K. Lake
H. F. Schiefer

Burlington Mille

J« P. Stevens and Co., Inoc.
Georgis School of Tschnology
Turner Halsey Company
Goodall~-Sanford, Inc.

Ames Worsted Company

Jo P. Stevens and Co., Inc,
National Aasooiation of Wool
Mamifacturers

Alexander Smith, Inc,

Alexender Smith, Inc.

National Cotton Council

Peerless Division, Burlington Mills
West Point Manufaoturing Co.
Pepperell Mamufacturing Co.
National Bureau of Standards

In addition to these, there is a great number of individuals
without whose cooperation and generous assistance a project of
this soope could not have been carried out. While it is not
possible to express appreciation to all of them individually,
special acknowledgment is made of the work of Mr. 8. J. Tanenhaus
who contributed throughout the test to the administrative pluming

of the project.

The work of Mr. Tanenhaus in comnection with this

and other field trials on textile, clothing and footwear items has
been of immeasurable value.

The laboratory section of the report was prepared by Mr. C.
J. Monego and the field testing section by Mr. G. Winston both
of the Quartermaster Laboratories in Philadelphia. Acknowledgment
is due to Mr. John Davies who supervised some of the initial
studies and plamning in connection with this investigation and to
Mr. L. I. Weiner, Head of the Quartermaster Textile Materials
Engineering Laboratory whers the laboratory analyses were conducteéd.
The editorial assistance of Mr. Norman E. Roberts is the organization
and preparation of the report is also gratefully acknowledged.

8. J. KENNEDY
Research Director
for
Textiles, Clothing and Footwear
Research and Development Division
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ABSTRACT

An evaluation of the suitability of seven fabrics for Army

summer uniforms by means of statistically plarned laboratary tests

and actual wearing tests is described. The fabrics included the
standard all-wool tropical worsted and six alternate constructions
consisting of all-wool, all-synthetic, and blended fabrics, The
laboratory tests were used to rank the fabrics on the basis of
appearance, comfort, and wear. In the field test phase the fabrics
were made into uniforms and worn by officers at Fort Lee, Virginia

and Fort Bliss, Texas, and were evaluated on the basis of questionnaires
~ administered to the test subjects, analysis of worn garments, and

the opinion of a panel of judges. The test subjects evaiuated the
uniforms on the basis of which was the best buy (assuming price
equality), which was acceptable per se, which gave the best appearance,
most comfort, and best so0il resistance., There was, in general, a
good agreement between the laboratory and field test findings, which
indicated that the all-wool standard was the most suitable fabric

for a summer uniform. Appearance was found to be the most im-

portant single criterion for evaluating fabrics for this purpose,
with comfort being only secondary in importance.
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AN EVALUATION OF ARMY SUMMER UNIFORM FABnzcs

This report describes an evaluation by the Quartermaster Corps
of several alternate fabrics for officers and enlisted mens' optional
sumner uniforms. The standard fabric is a 100 percent wool tropical
worsted. The alternate fabrics tested included both all wool, and
a number of blended fiber fabrics, including wool-synthetic and
all-synthetic blends. The methods employed and the conclusions
reached should accordingly be of interest to a great many people
interested in the testing of blended fabrics.

I. THE DEVELOPMENT OF CRITERIA FOR EVALUATION
AND SELECTION OF THE TEST SAMPLES

At the initiation of this project it was evident that one
of the most important aspects would be that of the criteria to
be used in evaluation, both for the laboratory screening of fabrics
and for the field trial. Also, it was considered that one of the
more important by-~products of the test might well be the relating
of these two sets of criteria through proper plamning of the field

trial.

When the project was first referred to the National Research
Council Advisory Committee on Fibers and Fabrics in June 1949,
the committee was asked to review possible alternates for the
standard tropical worsted fabrics for Army officers' summer uniforms,
and to recommend a program by which alternate fabrics could be
considered and then submitted to appropriate tests. .

One of the first actions of the committee was to establish
general qualities which it felt a suitable fabric for this purpose
should possess, The following characteristics were agreed upon:

1. The garment must hold its shape. It must be crush resistant.
It must not get baggy.

2. It mast “"breathe" and be comfortable.

3. It mmst resist soiling, and be easily cleanable. This
requirement does not specify either washing or dry cleaning, but
does indicate that the soil must be removable.



4. The #fadric must wear well regardless of whether tensile
strength 18 used as a criterion,

Subsequently it was agreed by the committee that "appearance"
should be added to the list of considerations, so that the final
listing of criteria was as follows:

1) Ability to hold shape

2) Comfort

3) Appearance

4) Soil Resistance

5) Ability to wear well

Two subcommittees were appointed. One was assigned the task
of obtaining candidate fabrics for consideration and recommendation
to the committee., The second was given the responsibility of
determining appropriate test methods by which the fabrics submitted
by industry could be screened with a view to the selection of a
relatively small number of fabrics for the actual field trial.

The Test Methods Subcommittee on 24 October 1949 recommended
a series of tests to be used for screening the fabrics submitted.
These tests are listed in Table I together with the numbers by
which they are designated in Federal Specification CCC-T-191b
where the methods are described in detail. Table I also shows
the criteria to which each of the tests was related. It will be
noted that these criteria include only appearance, comfort, and
wear resistance. Available laboratory test methods did not provide
a basis for direct evaluation of "ability to hold shape! and "soil
resistence," although it was anticipated that these criteria could

be used in the field trial.

The Fabric Screening Subcommittee on 14 February 1950 reported
that after extensive solicitation of fabrics from industry a total
of 27 fabrics had been obtained as being representative of the best
then available in the market. Upon the recommendation of the sub-
comnittee the fabrics were divided into eight categories, namely:
1) 100% wool; 2) 100% rayon; 3) 50% viscose - 50% acetate;

4) wool-rayon blends; 5) a blend of méhair, viscoze, nylon, amd
acetate; 6) wool-nylon blends; 7) 100f nylon; and 8) nylon-—

rayon blends.



LABORATORY TESTS RECOMMENDED BY THE NRC TEST HETHODS SUBCOMMITTEE

TABIE III

Test Method* Criteria
Wear
Description No. Appearance Comfort Resistance
Texture 5050 X X
Weight 5041 X
Alr permeability 5450 X
Tensile strength (grab) 5100 X
' Thickness** 5030 X
Colorfastness X X
a. Fading 5660
b. Perspication 5680
¢. Dry Cleaning 5622
Shrinkage after X
laundering and
Dry Cleaning 5556 4 5580 |
Sewability 5110 ¢ 5400 X X
Crease recovery*** 5212 | X
Tear resistance 5134 X
(tongue)

* Federal Specification CCC-~T=191b, 15 May 1951, Textile Test Methods.

*#% Measured under pressure of 0.1 1b. (1.6 oz.)/sq.in, This permitted

better discrimination between the thickness of the fabrics in this
series than the 10 oz./sq.in. pressure required by Method 5030.

#6% Angle~of-Recovery Method: Used in place of the wrinkle resistance
and crease acceptance and retention tests recommended by the NRC because
the latter procedures, which were in tha development stage when this
directive was prepared, are still producing erratic results.




The 27 fabrics as submitted are shown in Table II, together
with the data obtained on each from a number of the labaratory
tests. Those fabrics which were ultimately selected for the field
trial are identified by asterisks,*

In Table III is shown further detailed information on the
seven fabrics selected far the field trial., It will be noted that
one of the fabrics originally selected, the NRC Code No. 12 made
of 100 percent viscose, was ultimately re jected because its shade
was sufficiently different from the color of the other fabrics that
it was felt its appearance ranking in the field trial might have
been affected. The seventh fabric, the NRC Code No. 22 made of
100 percent wool, was never delivered by the mill aid was accordingly -
replaced by another similar 100 percent wool fabric, also of different
construction from the standard allewool tropical. This fabric was
jdentified by Quartermaster Corps Code B,

The standard fabric was used as a control (Quartermaster
Corps Code H).

II, THE LABORATORY PHASE OF THE TEST

A. Objective of the Laboratory Tests

The primary objective of the laboratoary phase of the test was
to evaluate the physical properties of the experimental fabrics with
a view to selecting those fabrics to be used in the field trial., It
was hoped that the data from the cambination of laboratory tests
would provide a basis for predicting ultimate consumer characteristics,
such as appearance, comfort, and wear under conditions of summer use,
The physical properties as revealed by these tests were then analysed
80 as to categorize into groups those fabrics which did not differ
significantly from one anothler,

Table IV shows the data used in a preliminary ranking of the
fabrics based upon the tests listed in Table I. The table gives
the average tests values and the relative ranking of the fabrics
for each of the characteristics listed under the three criteria
of appearance, comfort, amd wear,

After exsmination of the data in Table IV, it became evident
that due to the wide variations in these fabrics some modification
of the originally proposed test program would be desirable in order
to obtain a mare discriminating ranking according to each of the
criteria,

¥ Any discrepancies noted Detween the data in Table II and the corre-
sponding dats in subsequent tables are due to the fact that the infor-
mation in Table II was obtained from the samples initially submitted
for consideration by the NRC Committee, whereas the other data were
obtained from samples subsequently delivered for the full-scale

program,

-4-



“edIdy) JeisTRIeIIVNY 20 £Qq UOCTIRIAPTIEU0D FIVTPOWET JOF DUPUSWROINX SOTIQRI  wis
IOIMVOSTHUTIY JUOJNP WO POUTHISIOT  x
USTRRANOTe S0RITPUT ~ &

16 £ &L el herd €9 [ 154 STEeu | G~ had 2T w1 121 uokex gg ‘worAM T o% [11 6°S 9z
Lo T e S - S TOSPp R S L s B B
88 [£24 z6 ™ 9zt 9°0 LT [thed 0T T k4 [&<4 952 uoTAu 00T s 44 €9 w
B e L = - —t - uTv — - R e S T T e e
06 Ly 6 9 g:€8 $°z M 1°0 gz 9T 0%¢ o [ A uoTAu QT ‘Took 06 3 i L5 | waet
98 8's L8 9t 0°67 0T>] OT>] ®u [{feu | 09 | gL € ] ®T uoTAU Oz ‘Toom 08 13 © 9 T
. . - - . Ve 13 «riou - . 0 27 “Uotin ¢ .
68 8z 98 z*9 009 00 | £o 18eu | -R € | 6 € | 00t es00uTA Yy SaTRyOR &2 [ IR 4 8°9 | onep
06 z-9 g L6 { uokex og ‘roox oz | oo £ e
8 8 0°8 o°0t uokex og ‘Toom Nz €y ns €L oz
96 91 16 (434 0°Z9 89 82 01 N1 52 g € $L uofel gg ‘Toom oY 9% 6$ €L [14
1°6 Tt Qg 6°S £44 - T g R o] 1% 9°¢ &% 19 uofex 4L “toom 1Z 9" 09 9°¢ | meer
56 e Ly ™" a-6a gz~ | T°T 0z | Tieu 9 X 09 | 9 uokex 9/ ‘Toom vz 9% 121 €L [2 4
06 8°€ 16 g 828 01 9z 18w | 0T 8 (3] 06 m 00T 9S03STA 08 ‘TOO% OZ o 5 L T
e »%1 P - - e Rl ST R T =
Lg 21 63 [124 n°€8 12 i g 70 € " [ 95008TA 05 “932300¢ g 6 9% 9°9 | emOT
i
6 6°€ LE3 T8 0°69 v | a%s g0 | 1T 6 "z [72 N 74 93005TA S ‘a7e300® Of 3] 99 6'9 6
] = R it SR ~ 4.‘ -4 —- B e i Jt’.wﬁt.(\l — e e e
6 €z 08 s 0°85 ! e as #89 | onl uofex o0t o A/ 19 74
$°6 1z €9 L8 0°L8 sz= | L (24 . n°t L] ot 92T € uokez T [£ 09 k] [14
98 9z $°g 8% ~ uokex 00T 23 ot oL 3¢
08 91 6°s L€ W gokex 00T 9 5.1 oL 48
0% Lz 08 L ~ uskex oot w | 2 o' I
6L 6z €8 69 : u vofsx oot | &€ | oot oL )
\ !
06 Lz €8 7oy <6t ot | 1€ ‘her | 0% s | s ] 88 3008TA 00T € | es 1°9 | wesT
16 2€ 18 6z ST A i 90 w 90 384 8t 28 s6 8S098TA ONT 4] 0s Sl g
= = = i SR s ot S e e e IR S T =
06 o s6 €6 6-se 9T | §z 90 | €n 8z | 82 9% 113 ATROT (Y “TOOM 1.9 U A €9 4
26 k) €6 g€z 8% 59 6% z-z $-Z g€ g€ as 69 Toom 00T € FoLy Te €z
16 z ag 05z 606 (473 15 82 92 2 9 34 ,. 9 To0M 00T fAd 1] 2°9 JesZ
68 2§ z6 €9 o€ | o o ioos toomoot |  sv | o8 29 <
$% 121 6L §LT T 90 | €71 £0 | 90 e | we % | % Toom 00T L 09 sy
£6 6% 96 z-L S sz &6°1 $ 1 8-z o€ z€ 95 W ke Took OOT & 25 €9 z
€ 11 6°€ 0 0z §T (% o9 . 123 Toom 00T 2w £ 89 1S
. FuTTTrd | daer | Purrira | daewm | Purrivd| dree | surypred daex (%) woyd | spug oK
m :mﬂ. T LT 31 uoT3TROIWOD (wred x
/33 ] ! (#ax) (eq1) asqr, hegpamd
/-33°19} " enFuay qea0 n.._z POUSTUTA b ¥o%)
‘mxed . sumsysey Tuexis s
a3y xeel sTIsway

TUIDUOIENS ININFDOS OTYAVA OUN MHL Ol GRIDWINS SOTYAVE 40 SOLESTURLOVEVED TYOYSARd

11 e




*0AT400ITP JUAWEINI0I Y3 UPTA JUCWEsIIE UT S¥A sysiyeue STYL °*oTqe3 STY} Ul UAOYS 88 &

q 0%

auWequoo IeqEF UL PRJEITPUL DUB *HE°N euj L apeu sma sysdyeus poTIwsp 3sow oyl °sodf) JeqIJy 3OUTISTP 4 POPNIOUT 3} 98NW0Rq JUSIUOD
10q13 %0J AX0998QUT ouj UT esiTeww 1 3TOOTIFTP 9UA OTIQEF STUL *(FUTTITS DU dIUA 04UT POPTATD 40U) OTIqE} TIBI0A0 €43 JO RUEIUOD I0qTF

Suy U0 pesuy ST STHL °CUOTAN %5 =~ 9383307 42T = 8SOD8TA w\.&: - ITQYOl §62 FOo puelq © s® aJ0deX e} 4N0UINOIYJ 03 POIISFeX oq TTIM
*pueTq OTIqBF T30 943 Jo g6/ Tewdhe 03 guotslodoad umowNUM UT BOT8IIL}0eIeY0 POTIToeds eyy JO SIOQTF OS0DETA OA3 JO eIMXIE ® ¢
*5I030wS TP 13qTF TEUTWOU oYl Y3TA TTOA PoaXde 9398I0A% S4] OOUTS -9q0WULP 9FBILA® TENGOE Y3 SINBBOW OF Pesn

BTAL *xx
sgeT e
oIoM

8I9QTF $2 LIUQ *9AT{O0ITP jueweInooxd sqq UT PeIsIT S8 SpPUa[q J0qiy ey} Jo sJejawelp oY} WO Joeyd age¥nbepe U UIWIQO OF SeM 33000 q0 UL =
EH6T *HX0X MoK *OU] 8,JeYSTTANd Joog STT3XeL ‘snAIy °M Pue usdJed Uop °A ‘SBIIV ISQTL STTIXOL °¢
sasjemetd JeqTy TOUTWON *2
«ZG6T *ST 1rxdv puw T TI4dv *Z TTady pagep X Pwe ( #07Iqey Fuylesc) Je3ael °q
* J0m0m00~QHOS=T~AN 0G6T UOT8H Of %3I0X meN £2h OND ToIjuop eswqornd °w
. 8X8GTJ JOo Wyduey eydels PUe JUOUO) IOQLY TWUWONy °Y
wed JO 9oxmog
(4 2 829 PIePUELS *S°u s £ece 00T Too8 HE 'mS
2/t q . [ [T 8°61 o1 TOTAN TIng tUesg
T - Lot § g/t s 0*92 w2 Gz 93098 TA AU
ghe TeQL JI9m0T 30K o*of 0%LE <9 apeqoy
SFUTILTL PO S
- 2 2/t e 4 0°lt 961 0% 9193607 Undg BWoIqD
2ft 2 € 0°*61 9°02 oS 98005 FA TTNQ
) sdrep
T - 2 829 DIapues *s*n Gezz 18 %4 00T ) TOOM a 4
1 T [ e a8 8°8T 0T To1ZK a ¢
gd9 PITPUBLS *S°Q 0°€2 £v€e ‘ 06 T00A
2/t e € J*12 9°02 A SSOJETA
2 2 z/t 2 zftt o4t So4t . 9SO00BTA 0 41
89G PIEpUBLS *s*n §°82 *g2 jd Toom i
2 2 29 DPISPUBLS °s°n R4 €z 00T 00K g -
4 € 0761 9°02 0§ 2300814
2 2 z ¢ golt 3°6T oS e32400V v ot
Fuiltid daay qydueT Xagua 84Oy TeuTmoN juedIeg odAy; 5 okb  ouN
s1desg
g ax8x BATjo0ed1( JUllio Ino0Ig FBUOIDFA T 103 0Watq spueTd 19414 8p00
ug perFrosdg
80738193038 Joqiy

STIANYS 'OTUAVE THL NO YIVG NUVI QNV UIEIL
TAI FTAVL




B, Analysis of the Significance of the Laboratory Tests

The following conclusions were accordingly reached con-
cerning the recomnended tests, based on the preliminary study of
the data shown in Table IV,

Texture, The Test Methods Subcommittee had recommended that
texture be considered as an appearance and as a comfort factor,
It was considered that a closely woven fabric presents a better
appearance than a loosely woven one. Conversely, from a comfort
standpoint, under conditions of summer use, a loosely woven material
is preferable, In the case of these fabrics, however, texture was
not regarded as a valid measure of firmmess of weave because there
were wide differences in the size of yarns used in their manufacture.
Some of the higher-textured fabrics such as Fabric C (21% wool -
79% rayon), which were woven with thin yarns, were actually looser
as indicated by higher air permeability values than the lower-
textured fabrics made of heavier yarnms.,

Because of these differences in yarn sizes, it was decided
that cover index* should be used as a measure of firmness of weave
which takes into account yarn size as well as texture.

From the standpoint of comfort, an excellent correlation was
found between cover index and air permeability as measures of the
looseness of weave., Therefore air permeability was considered
sufficient as an indication of this aspect of comfort, and cover
index was included as an appearance factor only.

Wei%. The Test Methods Subcomuittee had also recommended
that weight be considered as a comfort factor inasmuch as lighter
materials are considered to be more comfortable under conditions
of summer use. Experience has shown, however, that weight is also
important from the standpoint of appearance as well as comfart.
Along with weight, stiffness was also considered as a factor both
in appearance and comfort, Stiffness is considered to be important
from the standpoint of appearance in that stiffer fabrics may
under some conditions be expected to show better resistance to
wrinkling. On the other hand, the limper fabrics might be expected

to provide somewhat more comfort.

Air Permeability. Air permeability is obviously important from
the standpoint of comfort for summer wear since it can be considered

as an indication of openness of weave, and hence of the coolness of
fabric’.

¥ Cover index ™ ends/in. + picks/in. For the blended fabrics an
7 yarn count i:}.’

adjusted yarn count was computed based on a weighted average of the
specific gravity of each component fiber.‘ The corVer’indices for all
the samples are shown in Table VI and their calculations in Appendix A.
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Tensile Strength., The importance of tensile strength from
the standpoint of wear resistance has never been adequately established.
It was, nevertheless, recommended by the NRC Test Methods Subcommittee
tha: this test be included for ranking the fabrics, since it measures
certain strength properties rclated to wear resistance which are
not covered by any other tests. A more important test with respect
to wear resistance, which was included, was the new flex abrasion
test. Since this method, which was under development at the time
of the NRC recommendations, has subsequently provided results
correlating reasonably well with field test findings, it was added
to the strength tests ‘as a means of arriving at a final ranking of
the fabrics for wear resistance.,

Thickness, Colorfastness, Shrinkage, and Sewability. It was
considered that thicker fabrics would have lower thermal conductivity
than thinner fabrics; and therefore, thickness was included in
the tests recommended by the NRC Committee as a comfort consideration.
The test results in Table IV, show that the spread of thickness
values was only 0,005 inch., Since this difference represents less
than 0,1 BTU/sq ft/hr/deg F, the practical ranking for these fabrics

may be considered to be equal.

Colorfastness was included in the NRC Committee recommendations
as an appearance factor, It was recognized that the particular
dyestuffs used on the samples could easily be modified if found
to be unsatisfactory from a colorfastness standpoint. However,
it was felt necessary to determine in preliminary tests whether
the fabrics exhibited fading tendencies which would prejudice their
final appearance rankings. Fortunately, the colorfastness results
shown in Table IV indicated that all the fabrics were satisfactory
and would be ranked equally from this standpoint.

The Test Methods Subcommittee recommended that shrinkage be
considered as a wear factor because excessive shrinkage would limit
the value of the fabrics, if not precisely from the standpoint of
wear resistance, at least from the standpoint of fit. Shrinkage
might also be an importmt appearance consideration. However,
analysis of the results obtained reveals that the laundering
shrinkage of all the samples, with one possible exception, was so
high that none could be considered launderable, On the other hand,
fione of the fabrics shrank to an objectimable degree after dry

cleaning.

The sewability of the fabrics was considered important from
the standpoint of both appearance ami wear resistance. By sew-
ability is meant the amount of fabric yarn damage inflicted in the
seving operation., If this damage is excessive, the cut yarns may



spoil the appearance of conspicuous seams on the finished garment,
From the standpoint of wear resistance, it is evident that if a
high proportion of fabric yarns are cut, the strength of the sesm
will be greatly reduced. As in the case of colorfastness, it was
found that the sewability of all these fabrics was satisfactary
and they could be ranked equally.

The final laboratory rankings did not include the values
obtained for thickness, colorfastness, shrinkage, or sewability,
since all the fabrics were approximately the same in these respects.
In any system of ranking, such as was'used in this evaluation, in
vhich a number of elements are averaged, the inclusion of any
values that do not show significant differences among the samples
only serves to mask the differences existing among the other
characteristics.

Crease Recovery. The Test Methods Subcommittee originally
recomnended that %ﬁe crease recovery of the samples be determined
by two tests then under development, one to evaluate the wrinkle
resistance of a sample and the other to show its crease acceptance
and retension. However, because the two new tests were still
producing erratic results when the final test program was imple~-
mented, it was decided to determine the crease recovery of the
samples on a very simple commercial tester which measures the
angle of recovery and is capable of giving consistent results.

Tear Resistance., The tongue tear test was suggested by the
NRC Committee to supplement the tensile test to determine the
strength of the samples as an indication of wear resistance.
The only change in the NRC recommendations made in the final .
testing program with respect to tear resistance was that the impact
pendulum tear test was used in place of the tongue tear test.
It was felt that the impact test was more discriminatory than
the tongue test and that it better simmlated.the type of tear

encountered in service,

Final Laboratory Testing Program. As a result of the foregoing
analysis, the ?ﬁ:f testing program, as outlined in Table V, was ‘
decided upon., It will be noted that this program differs from
the original recommendations of the NRC Committee in the following

particulars:

' 1. Texture was eliminated as an appearance and as a
comfort factor; instead, cover index was considered, but only from

the standpoint of appearance.

2. Stiffness and weight were included under appearamce
and comfort.



TABIE V

. FINAL LABORATORY TESTING PROGRAM

Test. Method* Criteria
Wear

Description No. Appearance Comfort Resistance
Cover Index ¥#* —— X
Weight 504). X X
Stiffness 5202 X X
AMr permeability 5450 X
Tensile strength (grab) 5100 X
Abrasion resistance (£lex) 5300 X
Crease recoveryh ¥ 5212 X
Tear resistance (impact

pendulum) 5132 X

# Federal Specification CCC~T=191lb, 15 May 1951, Textile Test Methods.

#% Ends/in, 4 picks/in.
v Avg. count (adj.)

#% Angle~of-Recovery Method.

Used in place of the wrinkle resistance

and crease acceptance and retention tests recommended by the NRC
because the latter procedures, which were in the development stage
when this directive was prepared, are siill producing erratic results.

w 1]l -




3. Flex abrasion resistance was added as a wear resistance
b ¢ CLUOT o

4., The impact pendulum tear test was used for measuring
tear resistance instead of the tongue tear test,

5. Tests for shrinkage, colorfastness, sewability, and
thickness were not considered in the overall rank.

In accordance with the recommendations of the NRC Test Methods
Subcommittee, these tests were run on the fabrics initially and
also after ten mobile launderings and after tem dry cleanings.
(The number of cycles was chosen arbitrarily since it was not
specified by the Subcommittee). Only the data on the initial and
dry cleaned samples were considered in ranking the fabrics, This
was because of the above mentioned excessive shrinkage of virtually
all the fabrics which makes it unrealistic to consider them
launderable. As a point of interest, the effect of laundering on
the various characteristics is shown in Table X (page 20). The
dry cleanings were carried out by the method recormended by the ,
National Institute of Cleauers and Dyers and described in Appendix B.

C. Results of the Laboratory Tests

After testing the fabrics in accordance with the revised
program, the average data and rankings of the fabrics for appearance,
" comfort, and wear were obtained, as shown in Tables VI, VII, and
VIII, respectively. The values are shown on the fabrics "as
received" (initial) and after tem dry cleanings.

1. Appearance

Fabric H (Standard) - 19% Wool -~ Fabric H had the highest
cover ex of all the fabrics e series, indicating a firm
structure. It was ranked as one of the heaviest and stiffest
fabrics and among the highest in crease recovery value. All these
factors indicate that the fabric possessed good dimensional

stability, i.e., it would not easily bag at the knees and elbows.

Fabric A - 50% Acetate and S0% Viscose - Although Fabric A
had the same E;S%r of warp ends per inch as the standard fabric
and a few more picks per inch, thinner yarns were used, resulting
in a lower cover index. Therefore, the cloth structwe was not

-2~
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as firm. The weight was approximately the same as Fabric H. The
Crease recovery value was appreciably lower than the standard,
Thus it would be expected that the fabric would wrinkle more
easily than Fabric H, would require more frequent pressing, would
become progressively worse in appearance the longer the uniform
was worn.

Fabric B — 100% Wool =~ Fabric B had six less ends per inch
and the two less picks per inch than the standard fabric. However,
coarser yarns were used giving the cloth a cover index nearly
equal to that of the standard, The fabric was stiffer than
Fabric H and had high weight and crease recovery values, indicating
that it would maintain a good appearance under conditions of summer

use.

Fabric C - 21% Wool, 9% R%on = Although Fabric C had the )
highest ead count, its cover ex was one of the lowest because
the yarns used were the thinnest of the series, This indicates
that compared to the standard, the fabric had a loose structure,
Fabric C weighed approximately two ounces less than the standard,
had the poerest crease recovery value of all the fabrics included
in this study and also was one of the limpest fabrics. The fabric
could thus be expected to have to be pressed more frequently than
any of the others and should have a poor appearance.

Fabric D ~ 90% Wool, 1(_)}51 lelon -~ Being less than 8 ounces in
weight, Fabric D was lighter n would normally be acceptable
for a 10 oz tropical worsted fabric. Although it had almost the
same thread count as the control, the yarns used were thimner,
Its cover index was the lowest, indicating a relatively loose
-structure, about the same as that of Fabric C. The crease recovery

of Fabric D was slightly less than that of the standard initially,

‘but ‘it was superior after dry cleaning. The low stiffness rank
of the sample was not much improved, however, by dry cleaning,

In view of the low weight and cover index of this fabric, and of

the fact that singles yarn instead of plied yarn was used in its

construction, garments made from it could be expected to have less
dimensional stability, i.e., resistance to bagging at the knees
and elbows, than garments made from the standard fabric,

Fabric B - 1% Wool - Fabric E had three less ends and four
more picks per than the control. The yarns were thinner, and
the cover index was the third highest of the series. The fabric
was approximately 1.5 ounces lighter, and at least as good as the
control in crease recovery. Taking cognizance of all tests, this
fabric should equal the standard in appearance.

Fabric F - 29¢ Mohaira ﬁé Viscose, 2% Acetate and % Nylon -
Fabric F seven less s and 8 ess picks per inc was
approximately equal to the standard fabric in weight, The fabric
had a fair crease recovery value and a lower cover index than the

- 16 =
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standard, It was slightly more pliable in the warp direction but
stiffer in the filling direction than Fabric H. The data indicate
that Fabric F would not possess as good an appearance as the standard.

2. Comfort

Fabric H, the all-wool standard, possessed low air permeability
and was among the stiffest and heaviest in the group. These factors
indicate that it would not be as comfortable under conditions of
summer use as some of the other fabrics.

Although Fabric A, the acetate-viscose fabric, was as stiff
as the standard 'in the initial stage, it became considerably more
pliable in the warp after dry cleaning. Its air permeability was
at least three times as great as that of the standard, but its
weight was about the same. Fabric A should be more comfortable
than the standard under conditions of summer use.

Fabric B, 100% wool, was stiffer than Fabric H, and showed
about the same low air permeability and high weight as the standard
in the initial stage and after dry cleaning, Fabric B was rated
the least comfortable of the series,

‘Fabric C, the wool-rayon fabric, was about 2 ounces lighter
than the standard., It had the highest air permeability and was
among the most pliable of the seven. This fabric should be one
of the most comfortable of the series,

abric D, the wool-nylon fabric, was the lightest of the series,

¥
weighing about three ounces less than the standard. Since it was
also more pliable and had much greater air permeability than the
standard, it should be more comfortable under conditions of summer
use. Dry cleaning in general increased the pliability of this

sample.

Fabric E, 100% wool, was lighter and had a much higher air
permeability value than the standard, but was just as stiff. It
should be superior to the standard in comfort.

Fabric F, the mohair-viscose-acetate-nylon fabric, had about
the same nIZ’ht as the standard but its air permeability was greater.
It was more pliable in the warp direction than Fabric H but stiffer
in the filling direction. This fabric would probably provide more

somfort than the standard in the summer.

3. Wear Resistance

The standard all-wool fabric (Fabric H) had the highest tensile
stre of any of the samples, relatively good abrasion resistance,

and had fair tear resistance. All these factors indicate that the
fabric would wear well, 17



Fabric A, the acetate-visc‘ose fabric, was appreciably lower
than Fabric H in abrasion resistance, and somewhat lower in tearing
strength and tensile strength. Indications were that the fabric
would have a shorter service life than the standard,

Fabric B 160% wool, had approximately the same tearing strength
and abrasion resistance as the standard, but slightly less tensile
strength. It should last approximately as long as the standard,

Fabric C, the wool-rayon fabric was inferior to the standard
fabric in all tests except tearing strength, and even here was
poorer after dry cleaning. Thus this fabric should have a sherter
service life than the standard,

Fabric D, the wocl-nylon fabric, had a lower tensile strength
than Fabric H, but approximately the same or a little better abrasion
resistance, Its warp tearing strength is higher, but its filling
tearing strength is lower, than the standard, Thus the service life
of Fabric D should be at least equal to that of the standard fabric.

Fabric B, 1004 wool, had the lowest tensile strength of any
of this series of fabrics and, in fect, does not meet specification
requirements, It also had one of the lowest tearing strength values,
bu* was comparable to the standard in abrasion resistance. Fabric E
should not have as long a service life as the standard Fabric H,

Fabric ¥, made of mohair, viscose, acetate, and nylon, should
be approximately equal to the standard in wear resistance. While
its abrasion resistance was lower than that of the standard, it
had the highest tearing strength of all the fabrics tested. In
tensile stremgth it was about equil to the standard in the warp
and slightly lower in the filling,

4, 8 r of Overall Rankings

The results of the laboratory evaluations are sumarized in
Table IX. This table is based on the toverall ranks" shown at the
bottom of Tables VI, VII, and VIII for appearance, comfort, and
wear, respectively, both initially and after dry cleaning. In
Table IX each of these ranks is cate orized into one of three
groups low (L), medium (4), snd tep (T).

5, Effect of Launderin

The above rankings are based upon fabric properties as shown
by laboratory tests, prior to lsundering or dry clesning. It
has been stated before however that the excessive shrinkage of

-18 -
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TABLE IX

Overall Laboratory Rankings of Unworn Fabrics
(L = Low Group, M ® Medium Group, T = Top Group)

FABRICS
CRITERIA A B C D E ¥ H
Appearance M “l‘ L L M M T
Comfort M L T T M M L
Wear L T L T L T T

these fabrics made it impossible ;o consider them as launderable,
and for that reason the values obtained after laundering were not
included in ranking the fabrics for their overall suitability for
tropical uniforms, However, the average values obtained for each
test before and after ten launderings are shown in Table X so that
the influence of laundering on each characteristic can be observed,
The samples were given regular wool mobile launderings as outlined
in Federal Specification CCC-T-191b, Textile Test Methods (Method

NO‘. 5556) .

The shrinkages of all the samples except Fabric C were excessive.
All the materials suffered a loss in crease recovery, the rayons
in general being more affected in this respect than the wool samples.
It can be assumed that the mechanical action involved in laundering
changed the characteristics of the fabrics so as to impair their

crease resistance,

The excessive shrinkage of the fabrics was reflected in in-
éreased weight and decreased air permeability. The stiffness of
the fabrics containing a high percentage of wool increased generally,
while the rayons became more pliable after laundering. Both the
tensile and tear strength tests showed that the wool samples in
general became stronger after laumdering. The wool-nylon blend
lost in tearing strength but not in tensile strength. The rayon
ssmples showed a somewhat greater tensile strength but were seriously

affected in tearing strength as a result of laundering.
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D. Laboratory Evaluation of Worn Garments

As a check on the laboratory values obtained on the fabrics
when new, an identical series of laboratory tests was performed
on pieces of fabric cut from garments returned from the field
wear tests. One uniform of each fabric was randomly selected from
those returned from both Fort Lee and Fort Bliss during the field
test phase of this program. The uniforms from Fort Lee had each
been subjected to 10 wear and dry cleaning cycles, those from Fort
Bliss to 14. In all cases the dry cleaning procedure had been that
outlined in Appendix B.

Tables XIA and XIB show the average test values obtained on the
worn samples and the consequent rankings for appearance and comfort
(Table XIA) and for wear (Table XIB). The overall rankings obtained,
divided into three groups -~ low (L), Medium (M), and top (T) —
are shown in Table XII. For comparison, the rankings of the unworn
laboratory samples "as received" (initial) and after dry cleaning,
as computed from Tables VI, VII, and VIII, and divided into the same
low, medium, and top groups, are also shown in Table XII,

A striking agreement will be noted in Table XII between the
rankings of the fabrics subjected to dry cleaniag alone and those
subjected to both wear and dry cleaning. This illustrates that
laboratory evaluations should preferably be made on fabrics after
they are dry cleaned vwhen it is desired to predict ultimate consumer

characteristics.

One of the notable exceptions is Fabric A which moved to the
low group for appearance after wear and dry cleaning, whereas it
was in the medium category as a result of dry cleaning alone. The
reason for this was that some more crease recovery was lost after
wear plus dry cleaning than after dry cleaning alone and considerably
more stiffness was lost.

In the case of Fabric D, (wool-nylon), the comfort ranking
was dropped from the top to the medium group. It appears from
Tables VII and XIA that the wearing of this sample increased its
stiffness to a much greater extent than did dry cleaning alome.

Fabric H, the all-wool standard, was reduced from the top
to the medium group because wear plus dry cleaning lowered the
tensile and tearing strength and abrasion resistance, whereas this
sample was wnaffected or even improved in these characteristics as

a result of dry cleaning alone.
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E. Conclusions of the Laboratory Evaluations

Based on the combined laboratory rankings of the fabrice in
their initial state and after ten dry cleanings and also on the
results of the laundering tests, the following conclusions may be
drawn:

1.. In appearance, the 100{ wool fabrics ranked highest
with Fabric B the &st , followed by Fabrics H and E, Fabrics D

and C (wool-nylon and wool-rayon blends) were in the lowest appearance
rank,

2, In comfort, the fabrics with the highest air permeability
and lowest weight were most desirable, Thus Fabrics C and D (wool-
rayon and wool-nylon) were rated highest for comfort, followed in
order by Fabrics E (100% wool), A (acetate-viscose) and F (mohair-

" viscose-acetate-nylon) with the all-wool fabrics H and B as the
least comfortable.

3. In wear resistance, the samples fell into two groups,
with. the wool-nylon (Fabric D), two of the all-wool (Fabrics B
and H) and the mohair-viscose-acetate-nylon (Fabric F) being rated
tops and the three remaining samples rated low. It is significant
that one of the most wear-resistant samples was the lightest
(Fabric D) and another was the heaviest (Fabric H) of the series.

4. Laboratory evaluations should preferably be made on
fabrics of this type after they are dry cleaned when it is desired
to. predict ultimate consumer characteristics of appearance, comfort,
and wear. (None of the fabrics can be considered launderable, with
the possible exception of Fabric C (wool=rayon) because of their

excessive shrinkage).
TII. OBSERVATIONS ON THE FIELD TEST PHASE
A. Oeneral Considerations

The NRC Committee on Fibers and Fabrics had suggested .that
the materials submitted by industry should "be subjected to wearing
tests followed by appearance tests and questionnaires to see how



" the uniforms stood up under actual conditions." A plan was prepared

vhich'would take into account the following aspects of analysis
of the test results: -

)

1, Equal precision of 2l) comparisons among all fabric

types.

2. High validity in the preference evaluations of the
fabrics by the test subjects.

3. Discrimination among the fabric types as to their
suitability for a summer unifoym while taking full cognizance of
the differences in the reactions among the test subjects. Each
officer was to express his relative preference on a three-tone
intensity basis of (a) much better, (b) moderately better, and
(c) slightly better, ,

4, A sufficient wear period to enable each test officer
to arrive at a reliable decision with respect to each of the criteria

to be evaluated.

S, Corroboration of the judgments of the individual
officers by means of a panel of field grade officers who would
evaluate the appearance of the fabrics at the end of the test using
the statistical design established for the test subjects.

6. The minimum valid sample size to hold down costs
vhile still insuring that the maximm amount of information would
be obtained from the test.

In order to eliminate any possible bias, the preliminary plan
was submitted to the Advisory Group of the Administrative Committee
on Ultimate Consumer Goods, American Society for Testing Materials,
for, review and comment, A number of methodological modifications,
chiefly psychological in nature, were suggested and adopted.

The National Institute of Cleaning and Dyeing, Silver Springs,
Maryland, was requested to 'supply a commercial dry cleaning procedure
suitable for the various fabrics undergoing evaluation, The recommended
specifications were included in the test directive.

The test directive to conduct the field test was prepared by
the Textile and Leather Research Division of the Quartermaster
Research and Development Laboratories, Philadelphia Pa. The
Quartermaster Board, Fort Lee, Va,, conducted the actual field test
following the experimental design and plan of the test directive.

- 26 -



B. Objective of the Field Test Phase

} The primary objective of the field test phase was to conduct
an actual serviceability test whereby uniformg made from the varions
fabrics would be worn under normel conditions by military personnel.
It was planned that the method of final evaluation would be by means
of a questionnaire to be answered by the wearers,

The test was also extended to include certain other supplementary
investigations, such as an "on-the-rack” evaluation of new garments,
an analysis of wear failures during the service test, and a final
rating of the garments after the wear phase for appearance by a
panel of non-participating field grade officers.

C. Plan of the Field Test Phase

Test Sites

So that the results could be generalized for a wide range of
climatic conditions under which these uniforms would be worn, the
two test sites of Fort Lee, Virginia, which is warm-humid, and Fort
Bliss, Texas, which is hot-dry, were selected,

Issuance and Coding of the Garments

The garments were issued in accordance with the statistical
technique of the balanced incomplete block design.

Seven fabric types were evaluated and for maximum discrimination
and comparison only two dissimilar uniforms were issued to each test
subject. Care was taken to assure proper fitting of all the uniforms.
A1l the possible 21 combinations of two uniforms were used and four
test subjects wore each of these combinations of two uniforms at
each test site, Consequently, 84 test subjects were used at each
site (Fort Lee and Fort Bliss) for a total of 168 officers. Since
each fabric type was paired with six other types and there were
four of each pair or combination, 24 uniforms of each type were
used at each site. The following table illustrates the 21 fabric
combinations which were worn by four test subjects:

Cdde A B € D E F H

B 4

C 4 4

P 4 4 4

T 4 4 4 4

¥ 4 4 4 4 4

H 4 4 4 &4 4 4
-m-



In order to avoid any collusion between test subjects, a
carefully coded system to mask the identity of the fabric types was
used. First a serially numbered list was prepared and then the
numbers were reversed so that, for example, numbers 123 and 124
would become 321 and 421. Consequently, should two test subjects

conpare their numbers to determine vhether their uniforms might be
made of the same fabric they would find it difficult since the
number following 321 would be 42, In addition to this system of
numerical identification, the two uniforms issued to the same test
subject were respectively marked with the lstters X and Y. The

name of each test subject was also mark.d on his two uniforms.

The identity of the fabrics was thus masked while the uniforms were
clearly identified as to the test subjects wearing them to facilitate
their issuance and inspection between periods of wear and dry

cleanings.

The uniforms were issued and picked up on the following schedules
Garment Mond Tuesd Wednesday Thursday Friday Saturda

‘ X Issue ceeecWeAT  srvass Pick up (Clean and Inspect)

Y (Clean and Inspect) Issue (......Wear....) Pick up

X and Y were interchanged at the halfway point., This schedule
yields four days of wear per week, insures that the test uniforms
are worn during days of duty, minimizes chances far wearing the
vrong uniform and uses for the cleaning and inspection phases those
days during which the officer normally wears civilian or informal

cloth in‘ IS

D, 8erviceability Evaluation

: Relative and Actual Suitability as Determined by Questionnaire,
Although several series of questionnaires were utilized in this
study, the most important was the final one given to the test
subjects who wore uniforms at Fort Lee and Fort Bliss from June
through September, 1951, This final questionnaire was the one
designed to establish the relative and actual suitability of the

wuniforms.

The following basic criteria were used as guides in arriving
at a decision:

1. Appearance as determined by:
(a) Shape retention of the garmets

(1) Resistance to bagginess at knees, seat, and
- elbows

- 28 -
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(2) Dimensional stability
(b) Crease retention
(c) VWrinkle resistance

(d) Resistance to discoloration when wet from perspiration
and rain,

2. Comfort as determined:

(a) Under all ambient conditions for which-the uniform
is authorized, including hot days and cool nights.

(b) After resting from activity causing perspiration.

3. Soil Resistance, initially and after repeated wear
and dry cleaning cycles, as characterized by: :

(a) Resistang¢e to normal soiling,

(b) Ease of dry cleaning, including effectiveness of
removing dirt and stains, particularly from perspiration,

The test subjects were asked to express their preference for
one of the two uniforms which they evaluated for each criterdon.
Quantitative values were assigned according to the intensity of
their preference, i.e., 3-very much better, 2-moderately better,
and l-slightly better. A summary of the weighted scores was used
to evaluate the fabrics. In addition to this criterion, the tests
subjects were asked to state their preference, on the basis of
which uniform was considered the better buy, assuming they were
equal in price. Then they were asked to state whether they would
consider each uniform acceptable or unacceptable.

Analysis of Worn Uniforms by Quartermaster Board Observers.
Since wear resistance and dimensional stability could not be adequate—
ly determined by the test subjects, the worn uniforms were analyzed
by trained Quartermaster Board observers during the wear test to
determine the extent of wear failures ad any changes in dimensions
that the uniforms might have suffered. These observers recorded
the location and type of fabric and seam failures, and also the
pumber of weeks of wear and dry cleaning before the failures became
evident, Cross-back width and back-waist length measurements were
made on the coats at the beginning and at the end of the test at
each site to determine whether the dimensional stability of the

garments was satisfactory.



Discoloration by Rain and Perspiration. ' Although one of the
criteria which was to have been used by the test subjects in evaluating
their uniforms was resistance to discoloration when wet from perspi~
ration and rain, many of the subjects failed to give information on
this subject. Therefore, the Quartermaster Board conducted two
separate detailed studies,

(a) Perspiration Phase - The Quartermaster Board determined
the resistance of the fabrics to perspiration staining by requiring
enlisted men dressed in test uniforms to run 50 paces, then walk
50 paces in a sun-exposed area until each uniform was soaked through
at the back with sweat. Four uniforms of each fabric were used
in this phase. The garments were examined and graded by an experienced
observer-recorder using the three~point intensity scale., The uniforms
were graded while wet from perspiration, when the perspiration was
dry and, finally, after dry cleaning, to determine whether the
perspiration stains were completely removed.

(b) Rain Phase ~ To evaluate the amount of staining after
rain, four enlisted men were dressed in each of the seven experimental
types of uniforms and marched three times through an artificial
rainfall of one inch per hour on the Quartermaster Board Rain Course.
The uniforms were graded as in the perspiration phase,

E. Supplementary Information

Preference Study of New Uniforms. In addition to the questionnaires
administered to the wearers, other questionnaires were used to obtain
supplementary information. One was an evaluation of the "on-~the-
rack" appeal of the uniforms to determine vwhether an initial reaction
as to the suitability of a mew wniform would differ from an over-
all evaluation of that uniform after actual wear. If differences
existed between the initial reaction and the overall well-considered
decision after wear, the results of this final questionnaire would
be valuable as a guide to advise officers purchasing summer uniforms

in the future.

Instructed vs., Non-Instructed Test Subjects. The test subjects
who participated in the wear phase were divided into two equal
groups. In order to determine whether they were biased in their
judgment by being told what to look for in judging the suitability
of a summer uniform, the first of these two groups was informed as
to the criteria to be used as mentioned above, but the second group

was given no such instructions. This division of the test subjects




into instructed and non~instructed groups was deaigned to test the
validity of the criteria used and to Jdetermime wnether additional
reasons existed for preferring one type above another. The results
of the test showed, however, that there was no difference between
the opinions of the two groups,

Questionnaires Given During Progress uf Test. Although the
observations made in cthe folToF:ang pﬁes are mainly based f;l the
results of the final questionnaire, two other questionnaires were
also given, one after two days wear and the second half-way through
the test. There was a double purpose in the utilization of these
additional questionnaires, to determine (1) whether the same results
would have been obtained with a shorter test, and (2) the extent of
changes in response with increased experience., The test subjects
were told that changes might be expected in their evaluation of

the fabrics during the test to make it clear that the answer to

one questionnaires could contradict that of a previous questionnaire
if the subject's opinion of the relative merit of his uniforms had

changed.

Panel of Judges., At the end of the wear test the test subjects’
opinions were supplemented by the judgment of a panel of ten nonparti-
cipating field grade officers who were selected by the Commanding
General at each test site, The purpose of this panel was to judge
the appearance of the garments at the termination of the normal

wear phase prior to their final dry cleaning.

The judges were all briefed prior to the review and were
furnished a set of typed instructions. Uniforms made of two of
the fabrics were displayed at one time, and the judge recorded his
individual opinion as to vhich was the better looking. Of the 84
test subjects at each station, 56 were selected for the final
review, so that there would be eight men wearing each of the seven

fabrics. This made it possible to parade eight men at.a time,
For instance, four men wearing "A" fabric uniforms marched on stage

under a large sign reading "X", At the same time four more test
subjects wearing "B" fabric uniforms marched on and stood under

a sign reading "Y", This presentation by fours was done so that
the judges would "average® the appearance of the uniforms and would
not be biased by the looks, bearing, and physique of the four men

wearing each fabric,

¥, Discussion.of Field Test Results

1. Relative and Actual Suitability of the Uniforms as Determined
By Questionnaire .

Since it was determined (as will be shown later) that by the
end of the serviceability test, there was no appreciable difference
between the judgments of the test subjects at Fort Lee and those




at Fort Bliss, or between the instructed and uninstructedFtest
subjects, the weighted scores of the 84 test subjects at each site
were combined for each criterion,

Utilizing the statistical methodology for analyzing the "balanced
incomplete block design," significant differences were determined
among the total weighted scores for each criterion evaluated by
the use of questionnaires. A discriminating method for ranking
the fabrics on the basis of statistically significant differences
was followed to enable the sumer uniforms to be categorized into
a Top, Middle, and Low group for each criterion, as was dme in the
laboratory evaluation.

Table XIIT lists the total weighted scores for those criteria
which could be reliably evaluated on the basis of the questionnaires
and the consequent rating groups into which the summer uniforms were

divided.

Fabrics H (all-wool standard), F (mohair-viscose~

Appearance,
acetate-nylon), and B (100% wool) looked best while Fabrics C and D
(wool-rayon and wool-nylon) were poorest in appearance.

Comfrrc, Fabric C (wool-rayon) was the most comfortable while
Fabric B \100% wool) was the most uncomfortable.,

Soiling, Fabrics A and C (acetate-viscose and wool-rayon)
exhibited poor soiling resistance, although it was indicated that
normal soil from dirt, sweat, and rain was easily removed from
these fabrics by normal dry cleaning procedures,

Actual Acceptability.* The all-wool standard, Fabric H, was
determined to be significantly acceptable and Fabrics C and D (wool-
rayon and wool-nylon) significantly unacceptable (95% probability)
on the bagis of the replies of the 48 men who wore ea.cl} of the

uniforms,

¥ The following procedure was followed to determine whether a

fabric was significantly acceptable: First, the average mmber of
Racceptable” votes given by all the subjects to all the fabrics

was computed and found to be 29 (Fabrics A, B, C, D, E, F, and H,
respectively, received 29, 33, 7, 21, 35, 35, and 44 facceptable”
votes for a total of 204, and an average of 29). Then the differcnce
between the number of "acceptable" votes given each fabric and ﬁxe
number 29 was obtained to determine, using the Chi-square technique,
the significance of that fabric's acceptability or unaoceptability.
For a fabric to be considered signiﬁcantl;{laiceptt:ble, Iitt '\;\ﬁd
have to have received at least 36 “acceptable™ votes.

be considered significantly unacceptable if it received 22 "acceptable"

votes or less,
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Best Buy. After extended wear and careful weighing of all of
the evidence by the test subjects, assuming all fchmics were equal

in price, Fabric K, the allewool standard, was considered the best

buy and Fabrics A zmtate-viaeoa), D (woolenylon), ad C (wool-rayon)
as the poorest,

Relative Importance of Each Criterion. Simce the relative
rankings for appearance are more closely related to the overall
Best-Buy rankings than those of any other criterion it might be
concluded that this characteristic is most important for determining
the overall suitability of summer uniforms. This is brought out
in the case of Fabric C which, although deemed the most comfortable,
had the poorest appearance rating and was considered unacceptable
and the poorest buy. In addition, Fabric D, which had a poor
appearance, was deemed unacceptable and a poor buy, even though
it was satisfactory for the other criteria.

In Figure 1 are plotted the scores received by each fabric
on the basis of questionnaire answers as to which was the best
buy, which would be considered acceptable per se for a summer
uniform regardless of -its relative evaluation, which was coolest,
and which had best crease retention.

2. Wgar Resistance

A careful evaluation of fabric failures was made by the test
teams, The uniforms worn at Fort Bliss showed considerably more
wear than those at Fort Lee which might possibly be due to the
abrasive action of the fine dust at the former site.

Table XIV is based on 32 uniforms* of each fabric worn at
Fort Bliss. The number showing abrasive wear amd the locations
of the wear are given in the table, Fabrics A, C, and F showed
the greatest sensitivity to abrasion. In addition there was a
large number of complaints that the Fabric C trousers wore through
at the seat. The observer recorders were of the opinion that
Fabrics A and C were considerably less durable than any of the
others. Only a negligible number of seam failures were reported.

*

3. Dimensional Stabili

Cross-back width and back-waist length measurements were que
on the coats worn at Fort Lee and at Fort Bliss both at the beginning

¥ The 33 uniforms consisted of 24 tested in accordance with the test
plan, plus 8 additiomal uniformss worn by officers at the test site.

e e v
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of the test and at the end., The average shrinkage for each of
the fabric types never exceeded 1/2 inch,

TABLE XIV

~ Wear Resistance of Summer Uniforms
(32 Uniforms of Each Type)

SUMMER UNIFORMS |
LOCATION A B cC D E F H
Small Holes at Sleeve Crease 31 1 32 O 3 28 3
Miscellaneous Areas 17 8 4 6 8 11 6
Total Number of Uniformek 31 9 32 6 1 31 8

¥ It should be realized that wear may occur at both locations on
one uniform.

4., Discoloration From Rain and Perspiration

Perspiration Phase - In the special Quartermaster Board test
in which the uniforms were worn in a sun-exposed area, all the
uniforms became soaked with perspiration after exercise by the
test subjects. After the uniforms had dried, only a negligible
amount of staining remained, and this was completely removed

by dry cleaning. :

Rain Phase - Examination of the uniforms after they were worn
three times in an artificial rainfall failed to reveal any rain
spotting, either after they had dried or after they were dry

cleaned.

S. Supplementary Studies

Effect of Differences in Climate. Table XV lists both the
total wiﬁteﬁ score and its absolute arithmetic rank for each
fabric based on the responses of the test subjects as to which of

- 36 =



*9318 ydee 9% $300{qns 3893 pPejonIIsUT Y Y} uvodn LTUO POSRT yun
*odusxejoad ateyy Jo LATsUauUT oY}
03 BuTpIoodw PeIYFTgA PUR POJENTRA® SWIOITUR OM3 JO QUO JOY 9oustejead $300(qE 3693 JO 9I008 POIUTTOM xw
*ATTeITIWUITIN PoNUBL SOTIQRS

AX FI9VE

L €2 o g1 r4 Fas T £ s ST £ €T " ssTrd +3d
(4] ©” G*9 jrd L1 4 6 T Y 4 8T € 9T 07 31
TITYNNILTIN® T
L €2 € eT 74 z i 1 €T $°¢ 44 (414 A $sYTE 44
L Z (444 o 61 S 1 €1 ST €1 € Lt 1541 w© 20T d
. o'y @U3 Udw JCHITVI
(swIoJtuN * ITqrssod ® Jo In) aTqeidasoy JoqumN)
IITTIAVIAT00Y
L 6% S ot *© z ST T ] Y k4 € ®© esTTd *ad -
$*9 QY « % 9% Iz z €1 1 S < oY € 4 o1 g
SHIYNNOLISEN® TYNIL
L £ 9 L (28 S 91 z 8 T z © o€ 6 ssT1d *3d
9 61 L €2 44 € T (3 L ¢ T (344 4 89T 34
e MIVENOTISING LWL
L oY € 8T St 1 9 ] o 1 €€ 9 6 seTId *3d
L ™ % 4 12 T 4 € ST 4 7 9 $€ 90T 3l
wXOWY oU} U0y ISTI~MNA
#»ZH00S AIIHLTIIM TVIOL
108 1s3d
suey | eqmy g ~quy Y ey *3my 4 yuey *quy ﬁ yusl *qumy 4 quey “ywy TOVLS
i q Q 5 i 1 Y
(°TIqe] oy3 I0330q 9yl ‘IoEMu OUeX ey3 JOUFTY UL)
SIRIOJIND YIS 40 NOILVATVAY NI SSTTq *Id GNY ZFT *13 NUIAILEE ADONZLSISNOD

i

-3 -

(I



the fabrics they wore was considered a better buy and more acceptable
for the two different climatic conditions (warmehumid, Fort Lee;
hot-dry, Fort Bliss). This is done for the (a) pretest "on—the-
rack" evaluation, (b) first questionnaire and (c¢) final questionnaire,
There is a difference between the rankings obtained at the two test
sites for Fabrics B and E on the pretest, and for B on the first
questionnaire. On the final questionnaire, the fabrits are ranked
approximately the same at both sites for best-buy and acceptability,
Thus we are not limited in our conclusions as to the suitability of
the fabrics under differing climatic conditions.

Preference Study of New Uniforms, Table XVI compares the
evaluations of the initial reactions of a group of officers to the
new uniforms displayed on the rack., These officers, who were not
scheduled for participation in the normal wear phase, were first
shown two different uniforms. The experimental design of the over—
all test plan was followed. Each officer was requested to indicate
which uniform he considered the better buy, price being equal,

Each test subject then stated whether he considered the chosen
uniform to be a much better, a moderately better, or a slightly
better buy, The answers were weighted by factars of 3, 2, and 1,
respectively, The officers were also questioned as to the accepta~
bility or nonacceptability of the uniforms. These results were _
. then compared with those obtained by the test subjects participating

in the normal wear phase,

There is a marked disparity between the initial reaction and
overall judgment on Fabrics A amd F, (acetate-viscose and mohair-
viscose~acetate-nylon) and Fabric C (wool-rayon). Fabric F had
a harsh feel and Fabric A a bright, very attractive initial
appearance. In the pretest Fabric A was rated as the best buy and
Fabric F in the low-medium category, but after extended serviceability
wear the rankings of the two fabrics were reversed. In addition,
Fabric C was not rated as poor on the pretest. All this clearly
demonstrates that "on-the-rack" judgment can prove to be quite

erroneous, .

Instructed vs. Non-Instructed Test Subjects. The non-instructed
test subjects were not asked to state their preferences until the
end of the test. The instructed subjects were given three questionnaires
during the course of the test and were told what characteristics to
consider in their evaluation. At the end of the test the non-
instructed subjects were asked which of the two uniforms they had
worn they considered the better buy. Then both groups were given
the sawe final questionnaire which included (for the benefit of the
the instructed subjects) a question as to which was the better buy.
Table XVII lists the total scores and their aritlmetic rank for the
jnstructed and non-instructed test subjects as far as better buy
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and acceptability are concerned. An analogous situation existed
for the officers participating in thepretest, It is demomstrated
that no difference exists between the instructed and non-instructed
groups in their initial reaction on the pretest, or in their
judguent after extended wear. :

. The above illustrates that the test subjects were unbiased and
t?l:.d the results obtained for the suitability of the fabrics are
valid,

Questionnaires Civen Du_r_h;_ﬁ Progss of Test. Table XVIIX
oompares the opinicns as to which umiform is a better buy and more
acceptable at the beginning, midpoint and end of the test. Fabriec C
(wool-rayon) is always the poorest regardless of the time of
evaluation, Although Fabric D (wool-nylon) showed its inferiority
at the midway mark, the superiority of the H (all-wool standard)
and ¥ (mohair-viscose~-acetate-nylon) fabrics is mot clearly revealed
until the last questiommaire. Fabrics D and A (wool-nylon and
acetate-viscose) get relatively poorer with extended wear. Ia
addition, a good discrimination among the fabrics is mot obtained
until the final questionnaire results are considered. Consequently
the test time could not have been shortened.

TABIE XVIII

Evaluation of Preferences as to Best Buy and Acceptability
on Successive Questionnaires

QUESTIONNATRE* BEST BUY ACCEPTABILITY
T Rating®™* S . .
Top Middle Low Acceptable Unacceptable
1st (after 2 days) HFDEABC H v
nd (Midpoimt) EBFHADC B CD
‘Pinal ' H FEE AIC H cp

¥ First and second questiounaire based upon the 42 instructed test
subjects at each site. The final includes both instructed anl non-

instructed test subjects.

#¢ Baged upon the weighted score of test subjects' preference for ome
of two miforms evaluated and weighted according to the intemsity of

their prefereacs.



g_m_g%j%&. Table XIX lists the evaluation of the worn
garments e panel of ten judges, as to wvhick fabrics have a

better appzarance and which are more acceptable. There is a marked
similarity between the results at Fort Lee and at Fort Bliss indicating
the reliability of the judges' opinions. Fabrics A {acetate-
viscose), E (100 wool), F (mohair-viscose-acetate-nylon), and H
(all-wool stendard) are judged as having the best appearance amd
greatest acceptability and Fabrics C and P (wool-rayon md wool-

nylon) the poorest for the two criteria. “There was thus good

agreement between the panel judgments and the conridered opinions

of the test subjects as to the egppearance snd acceptability of the
summner uniforms.

IV, COMPARISION OF LABORATORY AND FIELD OBSERVATIONS

An important phase of this study was the determimation of
whichk laboratory tests best predicted serviceability umder actual
conditions of wear md how well the overall laboratory ratings
and the field test ratings compared, The criterion used for the
correlation study was Spearman's Rank Correlation coefficient for
wvhich the closer the coefficient is to + 1, the greater is the
correlation. Table XX lists these correlation soefficients.

TABLE XX

Correlation Between Laboratory and Field Test Evaluations
of the Summer Uniforms

Appearance
Crease
Laboratory Testk Retention Bagginess Comfort
CREASE RECOVERY Spearman’'s Rank Correlation Coefficients
wtrp ‘ 39 55 ‘
Filling od 4
COVER INDEX o719 o170
WEIGHT . «88 16 «&
STIFFNESS
Varp ;51 053 «76
Filling «90 83 11
AIR PERMEABILITY ) .79
_ ¥ As Based upom combined rank of Initial and after 10 Dry ‘iesanings.
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As will be noted in the tables, if a single laboratory test
were to be used to predict appearance and comfort under conditions
of summer use, these results would indicate that weight and stiffness
in the filling direction would be the best, However, it should be
noted that the use of a single test to predict any consumer character-
istics of fabrics is hazardous without previous knowledge of the
behavior of similar type fabrics and the usage intended.

The effect of weight on appearance and comfort is shown in
Table XXI. This table provides estimates of what the scores of
all the summer uniforms would have been for crease retention and
coolness if their weight had been ~cual to 10,7 oz, that of the
standard, Fabric H., The regression rel«tiomzhip between weight
and these criteria was the basis of these estimates. The most
gignificant change brought about by this estimation is in Fabric D,
(wool-nylon) whose appearance rating becomes one of the best.

Table XXII shows that with few exceptions, a good agreement
exists between the suvmer uniform rankings in the field and the
overall laboratory evaluation of the fabrics. Thus laboratory
tests can be considered quite useful in predicting serviceability
and should be used extensively before large-scale wear tests are

conducted,

V. CONCLUSIONS

1. Fabric H, the standard 100% wool tropical worsted uniform
fabric (JAN-=C~391, August, 1946) was shown by both laboratory and
field evaluations to be the most suitable fabric for a summer

uniform.

2. Fabrics C (79% Viscose-21% Wool) and D (10% Nylon-90%
Wool) were shown by both laboratory and field evaluations to be
wunacceptable and least suitable for summer uniforms.

3. Of those fabrics not rated as unacceptable, Fabric A
(504 Viscose-50% Acetate) would be the least suitable since it
was judged to be a poor buy by the test subjects, It also has poor

wear and soiling resistance properties. -

4, Fabrics E (100f wocl), F (29% mohair—44% viscose~22% acetate-
5% nylon), and B (100% wool, tight weave) were judged equally suitable

for summer uniforms, although Fabric B was very uncomfortable, and

Fabric F, and to some extent Fabric E, exhibited poor wear resistance.

‘44-
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S i

5. In the field trials significant differences were found
in wear resistance among the fabrics, with the all-wool samples
performing well in this respect md the samples containing rayon
performing poorly.

, 6. Fabric A (504 viscose-50% acetate) and Fabric D (90% wool-
10 nylon) became more umsuitable with extended wear.

7. Appearance would be the most important single criterion
for evalwating the suitability of a fadbric for a summer uniform.

8. The panel of field grade officers confirmed the evaluations
of the test subjects as to the appearance of the worn garments.

9, With few exceptions, there was a fairly good agreement
between the cverall laboratory and field test evaluations of the
sumer uniforms as far as appearance, comfort, and wear resistance
were concerned. )

10, For the fabrics evaluated, weight and stiffuness in the
filling direction would be the two most important properties for
predicting the ultimate consumer characteristics of appearance and
confort,
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APPENDIX B
DRY CLEZANING
The uniforms shall be cleaned in accordance with the following
procedure, this process being one which is fairly reproducible among

plants and which may be expected to be encountered in the dry clean-
ing industry.

(1) Dry cleaning solvent

The dry cleaning solvent used shall be Stoddard solvent,
Most dry cleaning is done in this -solvent,

(2) Dry cleaning washers

Dry cleaning washers shall be metal cylinder, direct motor
driven, and shall turn at the speed intended by the manufacturer.

(3) Filters

Dry cleaning washers shall be connected to a filter
vhich can furnish a flow rate of at least 30 theoretical changes
in washer per hour.

(4) Leading of washers

All washers shall be filled one-~third of the inside
dismeter with sclvent before garments are introduced. Each load
shall consist entirely of test garments. The following table
gives typical washer sizes, limits on the size of the load for each
snd the minimsh size filter which mmst be used in connection with
each washer:

Washer Cylinder Size Maxioum and Minimum Limit Minimum Si?e’ Filter

(inches) for Size of Load ds (Gallons per hour)
30 x 48 47 - 51 2,000
36 x 54 70 - 90 3,000
36 x 64 " 50 - 102 3,600
42 x 54 100 -~ 120 4,200
42 x 64 120 -~ 136 4,800
42 x 84 155 - 173 6,000
54 x 70 200 - 235 8,000
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(5) Soap or detergent

A dry cleaning soap or detergent shall be used. The
amount shall be in accordance with the manufacturer's directions
for cleaning wool garments. An emulsion of water may be incorporated
with the soap or detergent according to the discretion of the dry
cleaver, but the amount of water added to the washer (including
that in the original soap) shall not exceed 1/2 oz of water per
pound of load. '

(6) Cleaning cytle

After the washer has been properly loaded it shall be
started with the filter circulation, the soap or detergent added
and the washer run 15 minutes. The filter circulation shall then
be started and the washer run another 20 minutes.

(7) Extraction

Excess solvent shall be removed from the garments in
a centrifugal extractor in a conventimal manner, In the case
of wool materials, not more than 15% by weight of Stoddard solvent
should be left in the fabric after extraction.

(8) Drying

Drying should be done in a t'mbler loaded in accordance
with the manufacturer's directions (a 40 pound load for a 30 x 36"
open end tumbler). A thermometer or other temperature indicatimg
device shall be inserted in the exhaust stack of thé¢ tumbler,
During drying the air shall not be under 155°F. and not over .
570°F., No cold uzir shall be used at the start of the drying, the .
process starting immediately with full heat. Tumbling shall
continue for 2 mimates or until the zarments are dry, whichever

is the longer.

(9) Pressing

| Tt is difficult to specify a wethod of pressing which
will be satisfactory for 211 the fabrics under test. A grid head
press with steam pressure from 60 - 75 p.s.i. is suggested.

 GPO_83-4785!




